ADDITIONAL INDEX WORDS. broadleaf weeds, broad-spectrum, grass weeds, percent control, preemergence, postemergence SUMMARY. Herbicides are usually applied multiple times by growers for season long weed control in Florida citrus (Citrus sp.). Rimsulfuron, a sulfonylurea herbicide has been recently registered for control of certain grasses and broadleaf weeds in citrus. To increase the weed control spectrum and reduce application cost, citrus growers often prefer to tank mix herbicides. Field experiments were conducted in 2010 and 2011 in citrus groves in central Florida to evaluate weed control efficacy and crop safety of rimsulfuron applied alone or in tank mixes with flumioxazin, pendimethalin, or oryzalin. Herbicides were applied sequentially in spring and fall in both years on the same experimental plot. Results suggested that rimsulfuron applied alone controlled >80% broadleaf and grass weeds up to 30 days after treatment (DAT) and was comparable to tank mixing rimsulfuron with pendimethalin or oryzalin; however, control was reduced beyond 30 DAT. Rimsulfuron tank mixed with flumioxazin was the most effective treatment at 30 and 60 DAT that provided, respectively, ‡88% and >75%, control of broadleaf weeds including brazil pusley (Richardia brasiliensis), dog fennel (Eupatorium capillifolium), common ragweed (Ambrosia artemisiifolia), cotton weed (Froelichia floridana), and virginia pepperweed (Virginia virginicum) compared with other treatments. Control of natalgrass (Melinis repens) was higher in all tank mix treatments compared with rimsulfuron applied alone with no difference among tank mix partners. Rimsulfuron tank mixed with pendimethalin or oryzalin had no advantage over rimsulfuron applied alone for control of broadleaf weeds. Among sequential applications, weed control was better after fall herbicide application (August) compared with spring (April) because of residual activity of fall applied herbicides. Rimsulfuron tank mixed with flumioxazin will provide citrus growers with an additional weed control option.
SUMMARY. Herbicides are usually applied multiple times by growers for season long weed control in Florida citrus (Citrus sp.). Rimsulfuron, a sulfonylurea herbicide has been recently registered for control of certain grasses and broadleaf weeds in citrus. To increase the weed control spectrum and reduce application cost, citrus growers often prefer to tank mix herbicides. Field experiments were conducted in 2010 and 2011 in citrus groves in central Florida to evaluate weed control efficacy and crop safety of rimsulfuron applied alone or in tank mixes with flumioxazin, pendimethalin, or oryzalin. Herbicides were applied sequentially in spring and fall in both years on the same experimental plot. Results suggested that rimsulfuron applied alone controlled >80% broadleaf and grass weeds up to 30 days after treatment (DAT) and was comparable to tank mixing rimsulfuron with pendimethalin or oryzalin; however, control was reduced beyond 30 DAT. Rimsulfuron tank mixed with flumioxazin was the most effective treatment at 30 and 60 DAT that provided, respectively, ‡88% and >75%, control of broadleaf weeds including brazil pusley (Richardia brasiliensis), dog fennel (Eupatorium capillifolium), common ragweed (Ambrosia artemisiifolia), cotton weed (Froelichia floridana), and virginia pepperweed (Virginia virginicum) compared with other treatments. Control of natalgrass (Melinis repens) was higher in all tank mix treatments compared with rimsulfuron applied alone with no difference among tank mix partners. Rimsulfuron tank mixed with pendimethalin or oryzalin had no advantage over rimsulfuron applied alone for control of broadleaf weeds. Among sequential applications, weed control was better after fall herbicide application (August) compared with spring (April) because of residual activity of fall applied herbicides. Rimsulfuron tank mixed with flumioxazin will provide citrus growers with an additional weed control option. F lorida is the largest producer of citrus with production of more than 60% of the total citrus produced in the United States [U.S. Department of Agriculture (USDA), 2010]. In 2011, citrus was grown on more than 500,000 acres with the production of 7,427,000 tons in Florida (USDA, 2012). Weed management is an important horticultural operation in citrus production practices. Weeds are highly competitive with citrus trees under the growing conditions of central Florida because of frequent rainfall, high temperature, and humid weather (Sharma and Singh, 2007) . Weed control in Florida citrus relies heavily on herbicides. Herbicides are applied as a uniform broadcast application to the grove floor or as a uniform band application directed at the base of the tree trunk (Singh and Singh, 2004) .
Several preemergence and postemergence herbicides are registered for weed control in Florida citrus (Futch and Singh, 2012) . Pendimethalin (Prowl H 2 Oä; BASF Corp., Research Triangle Park, NC) and oryzalin (SurflanÒ; United Phosphorus, King of Prussia, PA) are commonly used soil-applied herbicides for control of many annual weeds and certain broadleaf weeds in citrus. Rimsulfuron (Solidaä; Cheminova, Research Triangle Park, NC) is a sulfonylurea herbicide that was registered in 2010 for preemergence and postemergence control of certain grasses and broadleaf weeds in citrus, pome fruit (Maleae), tree nut, stone fruit (Prunus sp.), and grapes (Vitis vinifera) that have been established for at least one full growing season (Cheminova, 2010) .
Rimsulfuron is also registered for weed control in several annual crops including corn (Zea mays), potato (Solanum tuberosum), and tomato (Solanum lycopersicum) (Senseman, 2007; Tonks and Eberlein, 2001 ). It inhibits branched-chain amino acid production in susceptible weeds by inhibition of the enzyme acetolactate synthase (ALS) or acetohydroxy acid synthase. It moves primarily in the phloem with limited mobility in the xylem. Like several sulfonylurea herbicides, rimsulfuron requires an adjuvant for effective weed control (Green and Green, 1993) . The initial symptoms of rimsulfuron activity are observed in the meristematic tissues of treated plants. For broadcast application, the recommended rate of rimsulfuron is 4 oz/acre per year; however, when applied as a banded treatment (application of herbicides only covering an area of 3 to 4 ft on each side of the tree in a strip), it may be applied twice per year with a minimum 30-d interval between applications (Cheminova, 2010) . Rimsulfuron degrades rapidly in the soil predominantly via chemical pathways. The half-life in laboratory studies is %20 d under both aerobic and anaerobic conditions in a sandy loam soil (Schneiders et al., 1993) .
A study reported that rimsulfuron applied postemergence provided inconsistent weed control in potato (Eberlein et al., 1994) ; however, tank mixing with other herbicides such as metribuzin or pendimethalin improved weed control (Hutchinson, 2007) . Hutchinson et al. (2005) reported that late-season common lambsquarters (Chenopodium album) control by rimsulfuron applied PRE alone in potatoes has been less than 80%; however, Wilson et al. (2002) reported control of broadleaf weeds including redroot pigweed (Amaranthus retroflexus) by rimsulfuron plus Smetolachlor was 99% to 100% in potato. Ivany (2002) reported that rimsulfuron tank mixed with metribuzin gave 99% control of wild radish (Raphanus raphanistrum) and 85% control of corn spurry (Spergula arvensis) in potato.
Flumioxazin (ChateauÒ; Valent USA Corp., Walnut Creek, CA) is an N-phenylphtalimide herbicide that is registered in several states of the United States for weed control in numerous crops and non-cropland situations (Valent USA, 2005) . Flumioxazin is not registered in citrus, but currently being evaluated for weed control and crop safety. It can be absorbed by root or foliage of treated plants and it inhibits protoporphyrinogen oxidase (Dayan and Duke, 1997) . Flumioxazin has both preemergence and postemergence activity; therefore, when it is applied to soil, most susceptible weed seeds and seedlings will die as they begin to emerge; whereas foliar contact to susceptible plants results in a rapid desiccation followed by necrosis (Hutchinson, 2007) . A study for weed control in gladiolus (Gladiolus sp.) reported that flumioxazin provided 78% control of common ragweed, yellow nutsedge (Cyperus esculantus), and foxtail species (Setaria sp.) at 12 weeks after treatment (Richardson and Zandstra, 2006) . Several studies reported that flumioxazin efficacy could be improved by tank mixing herbicides with different mode of action. For example, flumioxazin applied alone as a preemergence resulted in poor annual grass control that was improved by tank mixtures (Askew et al., 1999; Burke et al., 2002; Kelly et al., 2006) .
Citrus growers use herbicide tank mixtures depending upon type and density of weed species present in the grove. By tank mixing herbicides, the weed control spectrum can be increased (Hutchinson, 2007; Jhala and Hanson, 2011) . For example, saflufenacil, a contact herbicide for broadleaf weed control, was tank mixed with glyphosate and pendimethalin to provide broad-spectrum weed control in Florida citrus (Singh et al., 2011) . To develop weed control programs that includes rimsulfuron, more information is required to understand compatibility of rimsulfuron with herbicides commonly used in citrus and new herbicides that are under evaluation. Therefore, the objective of this research was to compare weed control efficacy of rimsulfuron applied alone and in tank mixtures with flumioxazin, pendimethalin, or oryzalin.
Materials and methods
Field experiments were conducted in a citrus grove near Haines City, FL, in 2010 and near Winter Garden, FL, in 2011 to compare weed control efficacy of rimsulfuron applied alone or in tank mixes. The experimental soil was a typical well-drained, fine Candler sand (Hyperthermic, uncoated Typic Quartzipsamments) and representative of the majority of Florida's citrus growing region. The soil had pH of 6.4, 89% sand, 7% silt, 5% clay, and <0.5% organic matter content. The experiments were conducted in randomized complete block design with four replicates. The plot size was 40 · 10 ft covering five citrus trees per plot. Treatments included rimsulfuron [Solidaä or MatrixÒ FNV (E.I. Du Pont de Nemours and Co., Wilmington, DE)] applied alone at 1 oz/acre; rimsulfuron (Solidaä) at 1 oz/acre applied in a tank mix with flumioxazin at 0.255 lb/ acre, pendimethalin at 1 lb/acre or oryzalin at 2 lb/acre (Table 1 ). An untreated control was included for comparison. All herbicide treatments were mixed with a nonionic surfactant (InduceÒ; Helena Chemical Co., Collierville, TN) at 0.25% v/v.
Herbicide treatments were applied on 14 Apr. 2010 and 7 Apr. 2011 at Haines City and Winter Garden, respectively, using a tractormounted computerized boom sprayer fitted with 8002 Teejet nozzles (Spraying System Co., Wheaton, IL) and an off-centered OC-4 flat spray tip delivering 20 gal/acre spray volume at 30 psi. Citrus species was sweet orange (Citrus sinensis) 'Valencia' and 'Navel' at Winter Garden and Haines City, respectively. The citrus trees were two years old at the time of the herbicide spray. Visual percent control of grass and broadleaf weeds were recorded at 15, 30, 60, and 90 DAT on a scale 0% to 100%, where 0% is no control and 100% is complete control of weeds at the time of observation compared with untreated control. Phytotoxicity of the herbicide treatments on citrus trees was also evaluated at 15, 30, 60, and 90 DAT based on a 0% to 100% scale, where 0% is no injury and 100% is complete death of the tree.
The experimental site was infested with several weeds at 90 d, therefore, the site was sprayed with glyphosate at 2 qt/acre on 15 July 2010 at Haines City site and on 8 July 2011 at Winter Garden site. The trial was repeated with the same herbicide treatments on the same plots/ randomization (referred to as Expt. 2). The repeat application of same herbicide treatments was made on 25 Aug. 2010 and 23 Aug. 2011 at Haines City and Winter Garden, respectively. Visual percent control of grass and broadleaf weeds and crop safely data were recorded at 15, 30, and 60 DAT as per the procedures explained above.
STATISTICAL ANALYSIS. All data were subjected to analysis of variance (ANOVA) using statistical analysis software (version 9.2; SAS Institute, Cary, NC) to test for treatment effects and possible interactions. Normality, homogeneity of variance, and interactions of treatments and years (2010 and 2011) were tested. Interaction among years was nonsignificant; therefore, data were pooled and combined data were presented. Weed density data were arcsine square root transformed before analysis; however, nontransformed means were presented with mean separation based on transformed values. When the ANOVA indicated treatment effects were significant, means were separated at P £ 0.05 and adjusted with Fisher's protected least significant difference test.
Results and discussion
Data analysis suggested that there was a nonsignificant difference for weed control and crop safety data among two years (2010 and 2011); therefore, data were pooled and combined data were presented. Herbicide treatments were applied twice in both the years, so results were discussed separately for April treatment (Expt. 1) followed by August treatment (Expt. 2). EXPERIMENT 1. Common broadleaf weed species infesting experimental sites in Haines City (2010) and Winter Garden (2011) were brazil pusley, dog fennel, common ragweed, and virginia pepperweed. Results suggested that all treatments provided significantly higher weed control compared with the untreated control at 15, 30, 60, and 90 DAT (Tables 1 and 2) . Control of all broadleaf weeds was ‡97% at 15 DAT revealing that rimsulfuron (Solidaä) applied alone was as effective as rimsulfuron (Solidaä) tank mixed treatments (Table 1) . Similarly, all herbicide treatments were equally effective for control ( ‡82%) of common ragweed at 30 DAT; however, control of dog fennel and virginia pepperweed was higher in rimsulfuron (Solidaä) tank mixed with flumioxazin compared with rimsulfuron (Solidaä) applied alone ( Table 1 ).
All tank mixed treatments were usually equally effective for control of broadleaf weeds at 30 DAT; however, a difference was observed at later in the season ( ‡60 DAT). For example, rimsulfuron (Solidaä) tank mixed with flumioxazin was the best treatment and provided 79% and 77% control of dog fennel and common ragweed compared with all other treatments at 60 DAT (Table 2) . Similarly, Hutchinson (2007) reported 90% or greater control of redroot pigweed, common lambsquarters, and green foxtail (Setaria viridis) with a tank mixture of rimsulfuron and flumioxazin in potato.
Rimsulfuron (Solidaä) tank mixed with oryzalin or pendimethalin did not improve weed control compared with rimsulfuron (Solidaä) applied alone (Tables 1 and 2 ). Therefore, a selection of a tank mix partner should be made based on several factors including mode of action and weed control spectrum of herbicide, type of weeds, and weed density. Hutchinson (2007) reported that when redroot pigweed or common lambsquarters are the predominant weed species in a potato field, a tank mixture of rimsulfuron plus metribuzin may provide satisfactory weed control and addition of a third herbicide such as pendimethalin would not benefit. There was an overall reduction in weed control (£73%) at 90 (Table 2) . A tank mix of rimsulfuron (Solidaä) with flumioxazin was the best treatment with %70% control of all weeds, even at 90 DAT, compared with other tank mix treatments and rimsulfuron (Solidaä) applied alone (Table 2 ). This might be because rimsulfuron and flumioxazin are broad-spectrum herbicides and both have residual activity that resulted in the highest weed control. Since flumioxazin has different mode of action, a previous study reported that a tank mixing flumioxazin with pendimethalin provided control of ALS-resistant and triazine-resistant weeds in annual crops (Taylor-Lovell et al., 2002) .
There was no injury on citrus trees in any herbicide treatment suggesting rimsulfuron (Solidaä or MatrixÒ FNV) applied alone or in tank mixtures were safe to use in citrus (data not shown). All herbicides were applied as per the label direction; therefore, excellent crop safety was expected. A study reported that potato cultivars resulted in slight injury (2% to 8%) of rimsulfuron with no reduction in yield, but injuries were increased (14% to 20%) when rimsulfuron was applied with metribuzin (Ivany, 2002) .
EXPERIMENT 2. The most common broadleaf weeds infesting experimental site in Haines City (2010) and Winter Garden (2011) were brazil pusley, virginia pepperweed, and cotton weed. A common grass weed infesting the experimental sites was natalgrass. Compared with the untreated control, all herbicide treatments provided >86% control of all weed species at 15 and 30 DAT with some difference among herbicide treatments (Table 3) . For example, rimsulfuron (Solidaä) plus flumioxazin provided better weed control compared with rimsulfuron (Solidaä) applied alone at 30 DAT with usually no difference among tank mix treatments. Later in the season, tank mixing rimsulfuron (Solidaä) and flumioxazin resulted in ‡97% and ‡79% control of all weed species at 60 and 90 DAT, respectively (Table  4) . Compared with Expt. 1, better weed control was observed beyond 30 DAT in Expt. 2. This might be because of some residual activity of previous herbicide treatments sprayed in April. A sequential application of herbicides is a common weed control practice in perennial crops including citrus and it is necessary to achieve acceptable weed control throughout the year (Altland et al., 2003; Elmore et al., 1997) .
There was a reduction in residual activity of herbicides at 90 DAT. Rimsulfuron (Solidaä) applied alone was usually as effective as rimsulfuron (MatrixÒ FNV) for weed control (Tables 3 and 4) . Among tank mix partners, flumioxazin was the most effective compared with oryzalin or pendimethalin and resulted in effective broadleaf weed control in both the experiments. However, all tank mix treatments were equally effective for control of natalgrass. This was because pendimethalin and oryzalin are primarily grass active herbicides with limited activity on small-seeded dicot weeds (Altland et al., 2003; BASF Corp., 2009) . In this study, most of the weeds present were broadleaf species, and therefore pendimethalin or oryzalin were not as effective as a tank mix partner with rimsulfuron (Solidaä), compared with flumioxazin which can control grass and broadleaf weeds (Valent USA, 2005) . Flumioxazin has been an excellent tank mix partner with other herbicides. Richardson and Zandstra (2006) reported 96% and 77% control of yellow nutsedge with a tank mix of flumioxazin with S-metalochlor or oryzalin, respectively.
Overall results of this study suggest that rimsulfuron is an additional herbicide for chemical weed control in citrus because of its control of certain grass and broadleaf weeds. Additionally, it has both preemergence and postemergence activity, so it can control existing weeds as well as provide limited residual activity. In this study, tank mixing rimsulfuron (Solidaä) with pendimethalin or oryzalin has not provided extended residual activity compared with rimsulfuron (Solidaä) applied alone; however, flumioxazin provided >70% weed control in the first application and >80% control at 90 DAT in a sequential application. Brazil pusley and cotton weed are among the problem weeds in citrus and ability of . y Data were arcsine transformed for homogenous variance before analysis; however, data presented are the means of actual values for comparison. Means within columns with no common letters are significantly different according to Fisher's protected least significant difference test where P < 0.05. rimsulfuron (Solidaä) plus flumioxazin to control these weeds will provide an additional advantage to citrus growers upon registration of flumioxazin. In this study, there was no phytotoxic effect of any herbicide treatment on citrus trees in any year, indicating rimsulfuron (Solida) and tank mixes were safe to use in citrus when applied as per the label direction and under normal weather conditions. Table 4 . Efficacy of rimsulfuron applied alone or in tank mix with flumioxazin, pendimethalin, or oryzalin on weed control at 60 and 90 d after treatment (DAT) in Expt. 2. 
